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ADJUVANT COMPOSITIONS AND
METHODS OF USE

CROSS REFERENCED TO RELAT
APPLICATION

s
w»

This application 1s a continuing application of U.S. patent
application Ser. No. 14/813,866, filed Jul. 30, 2015, which

1s a continuing application of U.S. patent application Ser.
No. 13/788,847, filed Mar. 7, 2013, which 1s a continuing,
application of U.S. patent application Ser. No. 12/651,975,
filed Jan. 4, 2010 (now U.S. Pat. No. 8,425,922), which
claims priority to U.S. Provisional Application No. 61/204,
316 filed Jan. 5, 2009.

GOVERNMENT SUPPORT

This 1nvention was made with government support under
Grant No. 1R43A1084690-01 awarded by the National Insti-
tute ol Health. The government has certain rights 1n this
invention.

TECHNICAL FIELD

This present disclosure relates to adjuvant compositions
and methods for using the same.

BACKGROUND

"

Vaccines are very cost eflective medical interventions.
However, although many diseases have been prevented
through vaccinations, many others remain to be prevented.
Moreover, improved vaccines are needed for a number of
diseases for which vaccines already exist. A major hurdle 1n
producing vaccines 1s the lack of or low immunogenicity of
the vaccine. The eflectiveness of a vaccine can be enhanced
by using adjuvants and delivery systems. Of particular
interest are adjuvants that increase the immunogenicity of a
vaccine administered by a needle-free method via a mucosal
route.

SUMMARY

This disclosure provides adjuvant compositions that are
capable of modulating the immune response 1 a subject.
These adjuvant compositions may also be used enhance the
immunogenicity of antigens by enhancing antigen-presen-
tation, enhancing innate 1mmune responses through activa-
tion of, e.g., natural killer cells, and/or direct B cell activa-
tion. Also provided are methods of making the adjuvant
compositions as well as methods of using the adjuvant
compositions.

In certain embodiments, the compositions imnclude mus-
tard oi1l; and at least one of: (a) a flavonoid, or a flavonoid
derivative, or a flavonoid derivative salt; and (b) a vitamin,
or a derivative or salt thereof, where the vitamin 1s selected
from the group consisting of vitamin A, vitamin E, vitamin
D, vitamin C. In certain cases, the compositions include the
mustard o1l and the flavonoid, such as, a catechin, or the
flavonoid derivative, or the flavonoid derivative salt. In
certain cases, the flavonoid 1s a catechin, or a derivative or
a salt thereol. In certain cases, the composition comprises
the mustard o1l and the vitamin, or a derivative or salt
thereol. In certain embodiments, the composition includes
mustard o1l, the flavonoid, or the flavonoid derivative, or the
flavonoid derivative salt and the vitamin, or a derivative or
salt thereof. In certain embodiments, the composition
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2

includes the mustard o1l and the vitamin may be vitamin E,
or a derivative or salt thereof. In certain embodiments, the
composition includes the mustard o1l and vitamin A, or a
derivative or salt thereof. In certain embodiments, the com-
position includes the mustard o1l and vitamin C, or a
derivative or salt thereof. In certain embodiments, the com-
position includes the mustard oil, a catechin, or a denivative
or salt thereof, and vitamin A, or a derivative or a salt
thereof. In certain embodiments, the composition includes
the mustard o1l, a catechin, or a derivative or salt thereof, and
vitamin E, or a derivative or a salt thereof. In certain
embodiments, the composition includes the mustard oil, the
flavonoid, such as a catechin, or the flavonoid derivative, or
the flavonoid derivative salt, and allyl 1sothiocyanate. In
certain embodiments, the composition includes the mustard
o1l, the vitamin, such as vitamin A, or a derivative or salt
thereof, and allyl 1sothiocyanate. In certain embodiments,
the composition includes the mustard o1l, the flavonoid, such
as catechin, or the flavonoid derivative, or the flavonoid
derivative salt, the vitamin, such as vitamin A, or a deriva-
tive or salt thereof, and allyl 1sothiocyanate. In certain
aspects, the composition further includes an antigen. In
certain embodiments, the adjuvant compositions include
allyl 1sothiocyanate and at least one of: a flavonoid and a
vitamin.

The compositions may be administered to a subject, such
as a mammal, by a number of routes, such as, intranasal,
pulmonary, sublingual, oral, buccal, intra-vaginal, intra-
rectal, ocular, intradermal, transdermal, transcuataneous,
subcutaneous, intra-venous and intramuscular.

Also provided are methods for making the compositions,
the method 1includes admixing of the mustard o1l and at least
one of the flavonoid, or the flavonoid derivative, or the
flavonoid derivative salt; and the vitamin, or derivative or
salt thereof.

Also provided herein are compositions that include a
pharmaceutically acceptable vegetable o1l; a flavonoid, or a
flavonoid derivative, or a flavonoid derivative salt; and a
vitamin, or a vitamin derivative, or a vitamin derivative salt,
where the vitamin 1s selected from the group consisting of
vitamin A, vitamin E, vitamin D, vitamin C. In certain cases,
the compositions include the vegetable o1l and the flavonoid,
such as, a catechin, or the flavonoid derivative, or the
flavonoid derivative salt. In certain cases, the flavonoid 1s a
catechin, or a derivative or a salt thereof. In certain cases, the
composition comprises the vegetable o1l and the vitamin, or
a derivative or salt thereof. In certain embodiments, the
composition includes vegetable o1l, the flavonoid, or the
flavonoid derivative, or the flavonoid derivative salt and the
vitamin, or a derivative or salt thereof. In certain embodi-
ments, the composition includes the vegetable o1l and the
vitamin may be vitamin E, or a derivative or salt thereof. In
certain embodiments, the composition includes the veg-
etable o1l and vitamin A, or a derivative or salt thereof. In
certain embodiments, the composition includes the veg-
etable o1l and vitamin C, or a derivative or salt thereof. In
certain embodiments, the composition includes the veg-
etable oil, a catechin, or a derivative or salt thereof, and
vitamin A, or a derivative or a salt thereof. In certain
embodiments, the composition includes the vegetable oil, a
catechin, or a derivative or salt thereof, and vitamin E, or a
derivative or a salt thereof. In certain embodiments, the
composition 1mcludes the vegetable o1l, the tlavonoid, such
as a catechin, or the flavonoid derivative, or the flavonoid
derivative salt, and allyl 1sothiocyanate. In certain embodi-
ments, the composition includes the vegetable o1l, the vita-
min, such as vitamin A, or a derivative or salt thereot, and
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allyl 1sothiocyanate. In certain embodiments, the composi-
tion includes the vegetable oil, the flavonoid, such as cat-
echin, or the flavonoid derivative, or the flavonoid derivative
salt, the vitamin, such as vitamin A, or a derivative or salt
thereol, and allyl isothiocyanate. In certain aspects, the
composition further includes an antigen.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows serum titers of anti-HA IgG1 antibody and
anti-influenza-HA IgG2a antibody at three-weeks after
single itramuscular (IM) vaccination.

FIG. 2 shows serum titers of anti-influenza-HA IgGl
antibody and anti-HA Ig(G2a antibody at one-week after the
second 1ntramuscular (IM) vaccination.

FIG. 3 shows serum ftiters of anti-influenza-HA IgA
antibody at one-week after the second intramuscular (IM)
vaccination.

FI1G. 4 shows titers of anti-influenza-HA IgG1 antibody in
vaginal lavage at one-week aifter the second intramuscular
(IM) vaccination.

FIG. 5 shows titers of anti-influenza-HA IgA antibody in
vaginal lavage at one-week after the second intramuscular
(IM) vaccination.

FIG. 6 shows THI1, TH2 and Treg responses following ex
vivo activation with influenza-HA at one-week after the
second 1ntramuscular (IM) vaccination.

FIG. 7 shows serum ftiters of anti-HIVgpl120 IgG1 anti-
body and anti-HIVgp-120 IgG2a antibody at two weeks
alter the second intranasal (IN) vaccination.

FIG. 8 shows titers of anti-HIVgp120 IgGG1 antibody and
anti-HIVegp120 IgA antibody 1n vaginal lavage at two weeks
after the second IN vaccination.

FIG. 9 shows serum ftiters of anti-HIVgp 120 IgGl,
IgG2a, and IgA antibodies at one week after two IN/SL
(Intranasal/sublingual) and two IM vaccinations.

FIG. 10 shows titers of anti-HIVgp 120 IgG1l and IgA
antibodies in vaginal lavage at one week after two IN/SL
(Intranasal/sublingual) and two IM vaccinations.

Before the present mmvention and specific exemplary
embodiments of the invention are described, 1t 1s to be
understood that this invention 1s not limited to particular
embodiments described, as such may, of course, vary. It 1s
also to be understood that the terminology used herein 1s for
the purpose of describing particular embodiments only, and
1s not intended to be limiting, since the scope of the present
invention will be limited only by the appended claims.

Where a range of values 1s provided, 1t 1s understood that
cach intervening value, to the tenth of the unit of the lower
limit unless the context clearly dictates otherwise, between
the upper and lower limit of that range and any other stated
or intervening value in that stated range i1s encompassed
within the mvention. The upper and lower limits of these
smaller ranges may independently be included 1n the smaller
ranges 1s also encompassed within the invention, subject to
any specifically excluded limit 1n the stated range. Where the
stated range includes one or both of the limits, ranges
excluding either both of those included limits are also
included 1n the 1mnvention.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials
similar or equivalent to those described herein can also be
used 1n the practice or testing of the present invention, the
preferred methods and materials are now described. All
publications mentioned herein are incorporated herein by
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4

reference to disclose and describe the methods and/or mate-
rials 1n connection with which the publications are cited. To

the extent such publications may set out definitions of a term
that conflicts with the explicit or implicit definition of the
present disclosure, the definition of the present disclosure
controls.

It must be noted that as used herein and in the appended
claims, the singular forms *““a”, “an”, and “the” include plural
referents unless the context clearly dictates otherwise. Thus,
for example, reference to “an adjuvant composition”
includes a plurality of adjuvant composition, reference to “a
vitamin” 1includes one, two, or more vitamins, and reference
to “a flavonoi1d” includes one, two, or more flavonoids, and
so forth. The terms adjuvant and delivery system may be
used interchangeably.

The publications discussed herein are provided solely for
their disclosure prior to the filing date of the present appli-
cation. Nothing herein i1s to be construed as an admission
that the present mvention 1s not entitled to antedate such
publication by virtue of prior invention. Further, the dates of
publication provided may be diflerent from the actual pub-
lication dates which may need to be independently con-
firmed.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The present disclosure provides adjuvant compositions
that are capable of modulating the 1immune response in a
subject. These adjuvant compositions may also be used
enhance the immunogenicity of antigens by enhancing anti-
gen-presentation, enhancing 1nnate i1mmune responses
through activation of, e.g., natural kaller cells, and/or direct
B cell activation. Also provided are methods of making the
adjuvant compositions as well as methods of using the
adjuvant compositions.

Definitions

The phrases “adjuvant composition(s)” refer to a compo-
sition that when administered to a subject 1s capable of
inducing an immune response 1n the subject. When admin-
istered 1n combination with an antigen, the “adjuvant com-
positions” are capable of eliciting an antigen-specific
Immune response.

An “immune response” to an antigen or composition 1s
the development 1n a subject of a humoral and/or a cellular
immune response to molecules present in the antigen or
composition of imterest. A “humoral immune response”
refers to an 1mmune response mediated primarily by anti-
body molecules, while a “cellular immune response” 1s one
mediated primarily by T-lymphocytes and/or other white
blood cells.

The phrase “pharmaceutically acceptable” refers to sub-
stance that 1s generally safe and 1s acceptable for veterinary
use when the subject 1s a non-human. “Pharmaceutically
acceptable” for humans refers to substance that 1s generally
safe and 1s acceptable for human pharmaceutical use.

The term “‘antigen” refers to any substance that can be
recognized by the immune system (e.g., bound by an anti-
body or processed so as to elicit a cellular immune response
by, e.g.T cells) under appropriate conditions. An antigen
contains one or more epitopes. A B-cell epitope includes at
least about 3-5 amino acids, for example, 4 or more amino
acids. A hapten or a polysaccharide may also serve as a B
cell epitope. A T-cell epitope, such as a cytotoxic T-cell
(CTL) epitope, may include at least about 7-9 amino acids,
for example, 8 or more amino acids. A helper T-cell epitope
may include at least about 12-20 amino acids. The term
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“antigen” denotes both subunit antigens (1.e., antigens which
are separate from the whole organism with which the antigen
1s associated in nature), as well as, killed, attenuated or
inactivated bacteria, viruses, fungi, parasites or other
microbes, prions, allergens or any other disease causing
agents. An antigen may be a modified protein that includes
modifications, such as deletions, additions and substitutions
(generally conservative in nature) to the native protein
sequence. The term antigen also denotes nucleic acids (DNA
or RNA) encoding a protein or peptide antigen.

“Penetration enhancement” or “permeation enhance-
ment” as used herein refers to increasing the permeability of
skin or mucosa to an antigen so as to increase the rate at
which the antigen passes through the skin or mucosa and
enters the lymph node or the blood stream.

A “therapeutically effective amount” or “eflicacious
amount” means the amount of a compound that, when
administered to a mammal or other subject for preventing or
treating a disease, 1s suilicient to aflect such prevention or
treatment for the disease. The “therapeutically eflective
amount” will vary depending on the compound, the disease
and its severity and the age, weight, etc., of the subject to be
treated.

Overview

This disclosure provides adjuvant compositions that are
capable of inducing an immune response. These adjuvant
compositions may also be used enhance the immunogenicity
of antigens by enhancing antigen-presentation, enhancing
innate immune responses through activation of, e.g. natural
killer cells, and/or by direct B cell activation. Also provided
are methods of making the adjuvant compositions as well as
methods of using the adjuvant compositions.

Adjuvant Compositions

Adjuvant compositions provided herein include: a phar-
maceutically acceptable vegetable oi1l; a flavonoid, or a
flavonoid derivative, or a flavonoid derivative salt; and a
vitamin, or a derivative, or a salt thereof. The vitamin may
be vitamin A, vitamin E, vitamin D, vitamin C.

In another embodiment, the compositions provided herein
include: mustard oil with or without allyl i1sothiocyanate
(essential o1l of mustard); and at least one of: (a) a flavonoid,
or a flavonoid derivative, or a flavonoid derivative salt; and
(b) a vitamin, or a dernivative, or a salt thereot. The vitamin
may be vitamin A, vitamin E, vitamin D, vitamin C, or a
derivative or a salt thereof.

In certain embodiments, the flavonoid 1s a flavone, a
flavonol, a flavonone, a catechin, anthocyanid, or 1soflavone,
or derivatives thereof, or salts of the derivatives. In certain
embodiments, the adjuvant composition includes mustard
o1l and a catechin, such as, catechin hydrate.

In certain embodiments, the adjuvant compositions
include one or more vitamins, such as, Vitamin A, Vitamin
E, Vitamin D, Vitamin C, derivatives, and salts thereotf and
a vegetable o1l carrier, such as mustard oil. The adjuvant
compositions may optionally include a flavonoid or a fla-
vonoid derivative or salt of the flavonoid derivative. In
certain embodiments, the adjuvant compositions include
Vitamin A and an o1l carrier, such as, mustard o1l. In certain
embodiments, the adjuvant compositions include Vitamin E
and an o1l carrier, such as, mustard oil.

The adjuvant compositions may additionally include
other additives, such as preservatives, colorants, flavorants,
etc. The adjuvant compositions may additionally include an
antigen.

Pharmaceutically Acceptable Vegetable O1l Carriers

A “pharmaceutically acceptable vegetable o1l carrier” as
used herein refers to a vegetable o1l that 1s suitable for
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administration to a human or non-human animal by a
desirable route, e.g., systemic or mucosal route, mncluding
oral and topical routes of delivery. Edible adjuvant compo-
sitions are contemplated by the present disclosure.
“Vegetable 01l” refers to o1l obtainable from a plant or a
plant product, and encompasses 01l obtainable from seeds
(including nuts, grains), fruits, roots, flowers, stems, efc.
Examples include corn oi1l, mustard o1l, olive o1l, coconut
o1l, safflower o1l, soybean o1l, and the like. Vegetable oils of
the present disclosure encompass o1ls obtainable from non-
genetically modified and from genetically modified plants.
Vegetable o1ls encompass vegetable o1ls having properties of
a rubefacient, 1.e., oils that promotes dilation of capillaries
and an increase in blood circulation, e.g., when applied
topically to skin. Vegetable o1l may be derived from a plant
or plant product (e.g., a non-genetically modified or geneti-
cally modified plant or plant product), or may be produced
synthetically, e.g., by mixing the individual components
found 1n vegetable oi1ls, where the mdividual components
may be derived from plants or plant products, or produced
synthetically. The plants which provide the source for the
vegetable o1l or the individual fatty acids may be genetically

modified.

In certain embodiments, the vegetable o1l 1s a mustard o1l.
“Mustard o1l as used herein refers to o1l that 1s obtainable
from seeds of a mustard plant of Brassicacae, where the o1l
1s obtainable from the mustard plant without application of
heat during extraction (e.g., obtainable by a cold-press
extraction method). Mustard o1l obtainable from seeds of a
mustard plant without application of heat have a lower
amounts of (e.g., no significant or detectable) allyl 1sothio-
cyanate than o1l that may be obtainable from the same seeds
using a heat-based extraction method (e.g., by application of
steam ). Mustard plants of Brassicacae from which mustard
oils useful as carriers 1n the compositions of the present
disclosure may be obtainable include, but are not necessarily
limited to, Brassica rapa (edible greens), Brassica nigra
(black mustard), Brassica juncea (brown mustard), Brassica
hirta (white or vellow mustard), Brassica carinata (Ethio-
pian mustard), Brassica oleracea (wild mustard), Brassica
campestris (including Brassica napus L. and B. campestris
L.), and Brassica napus. Oils contemplated by “mustard o1l”
can i1nclude o1l obtainable from rapeseed.

In certain embodiments, the vegetable o1l 1s canola oil.

Such canola o1l may have the following composition: 6-8%
Saturated Fatty Acids (with 3.5 Palmitic Acid); 14.4%

Monounstaurated Fatty Acids (with 60% Oleic Acid); and
69.3% Polyunsaturated Fatty Acids (with 20% Linoleic
Acid, 10% Alpha Linolenic Acid).

In certain embodiments, the vegetable o1l used in the
compositions described herein may be composed of about
14%-70% monounsaturated fatty acids, about 18%-22%
polyunsaturated fatty acids and about 5%-12% saturated
fatty acids. The monounsaturated fatty acids may have about
18%-51% erucic acid and about 7%-22% oleic acid, the
polyunsaturated fatty acids may have about 9-15% linolenic
acid and about 6-24% linoleic acid, and the saturated fatty
acids may have about 3-4% palmitic acid.

In certain embodiments, the vegetable o1l used in the
compositions described herein may be composed of 14%-
70% monounsaturated fatty acids, 18%-22% polyunsatu-
rated fatty acids and 5%-12% saturated fatty acids.

In certain embodiments, the vegetable o1l used in the
compositions described herein may be composed of 14%-
20% monounsaturated fatty acids, 18%-20% polyunsatu-
rated fatty acids and 5%-6% saturated fatty acids.
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In certain embodiments, the vegetable o1l used in the
compositions described herein may be composed of about
60%-70% monounsaturated fatty acids, about 18%-22%
polyunsaturated fatty acids and about 5%-6% saturated fatty
acids.

Where the vegetable o1l 1s a mustard oi1l, in certain
embodiments, the mustard o1l may have the following
composition: monounsaturated fatty acids (erucic acid (18-
51%), oleic acid (7-22%)), polyunsaturated fatty acids (lino-
lenic (9-15%) and linoleic (6-24%)), and 5% saturated fatty
acids. The mustard o1l may additionally also include other
components, such as, proteins (30%), phenolics, phytin and
dithiol thiones. Mustard o1l may also contain 490 mg/100
om of calcium. Mustard o1l may also contain 9-15% omega
3 fatty acids.

In some embodiments, the mustard o1l 1s one obtainable
from Brassica rapa. Mustard o1l obtainable from Brassica

rapa includes an o1l having the following composition: 5.4%
Saturated Fatty Acids (with 2.7% Palmitic Acid, 1.0%

Stearic Acid, 0.6% Behenic, 1.1% Other); 67.3% Monoun-
staurated Fatty Acids (with 23.3% Oleic, 10.0% Gadoleic,
33.8% Erucic); and 20.6% Polyunsaturated Fatty Acids
(with 9.4% Linoleic Acid, 9.9% Alpha Linolenic Acid).

In certain embodiments, the vegetable o1l carrier (e.g.,
mustard o1l) may be a mixture of one or more vegetable oils,
for example, mustard o1l (with or without added AIT) and
corn o1l; mustard o1l (with or without added AIT) and soy
bean o1l; mustard o1l (with or without AIT) and coconut oil.
The present disclosure also contemplates compositions hav-
ing a vegetable o1l carrier that 1tself 1s a rubifacient and/or
combined with a rubefacient oil. Examples of rubefacient
oils include O1l of Wintergreen (Methy! Salicylate), mustard
o1l, and Rosemary o1l (Rosmarinus officinalis).

Flavonoids

The adjuvant compositions may include one or more
flavonoids or derivates or salts thereol. Flavonoids (also
known as bioflavonoids) are phytochemicals found 1n fruits
and vegetables. Flavonoids are of the following types:
Flavones (e.g., apigenin, luteolin), Flavonols (e.g., querce-
tin, myricetin), Flavanones (e.g., naringenin, hesperidin),
Catechins (e.g., epicatechin, catechin, epigallocatechin, gal-
locatechin, epicatechin gallate and epigallocatechin gallate),
Anthocyanidins/anthocyanins (e.g., cyanidin, pelargomidin),
and Isoflavones (e.g., genistein, daidzein).

In certain embodiments, the adjuvant compositions may
include epigallocatechin gallate (EGCG), a form of catechin
(polyphenols). In some embodiments, the adjuvant compo-
sitions may include a catechin, such as, catechin hydrate. In
some embodiments, the catechin 1s not a multimeric form of
catechin.

Vitamins

The adjuvant compositions may optionally include one or
more vitamins, or derivatives or salts thereof. The one or
more vitamins may be one or more of vitamin A, vitamin E,
vitamin D, vitamin C, and derivatives and salts thereof.

Vitamin A.

Vitamin A 1s a fat-soluble vitamin that 1s derived from two
sources: preformed retinoids and provitamin carotenoids.
Retinoids, such as retinal and retinoic acid, are found in
amimal sources like liver, kidney, eggs, and dairy produce.
Carotenoids like beta-carotene (which has the highest vita-
min A activity) are found 1n plants such as dark or yellow
vegetables and carrots. Vitamin A 1s also known as retinol,
retinoic acid, Axerophthol, Vitamin A alcohol, Vitamin Al,
all-trans-3,7-Dimethyl-9-(2,6,6-trimethyl-1-cyclohexen-1 -
y1)-2.4,6,8-nonatetraen-1-ol. In certain cases, an acid deri-
vation of Vitamin A, all-trans retinoic acid (ATRA), may be
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included in the adjuvant compositions. In certain cases, the
adjuvant compositions may include retinoids, for example,
1sotretinoin (Ro 4-37780), etretinate (RO 10-93359; a synthetic
retinoid), or motretinide (Ro 11-1430). In certain cases,
vitamin A palmitate (VA) may be included 1n the adjuvant
compositions.

[ 1

Vitamin E.

Of the eight natural substances exerting vitamin E activity
(-, p-, 0-, and y-tocopherols and .-, p-, 0-, and y-tocot-
rienols), a-tocopherol (o-T) has traditionally been regarded
as the most important vitamin because 1t exerts the highest
biological activity of all vitamins when assessed 1n animal
model systems. Vitamin E 1s also synonymous with (x)-o.-
Tocopherol and DL-all-rac-a-Tocopherol, 5,7,8-Trimethyl-
tocol, D-a-Tocopherol, 2,35,7.8-Tetramethyl-2-(4',8",12'-
trimethyltridecyl)-6-chromanol, and a non-oxidizing version
(+)-a-Tocopherol acetate and the related all-rac-o.-Tocoph-
eryl acetate. A related molecule 1s D-a-Tocopherol succi-
nate, Vitamin F succinate.

In certain embodiments, the vitamin F included in the
adjuvant compositions may be a-tocopherol (a-T). In other
cases, a vitamin E analog, such as Alpha tocopheryl succi-
nate (alpha-TOS) may be included in the adjuvant compo-
sitions.

Vitamin D.

Vitamin D 1s a group of fat-soluble prohormones, the two
major forms of which are vitamin D, (or ergocalciferol) and
vitamin D, (or cholecalciferol). Vitamin D obtained from
sun exposure, food, and supplements, 1s biologically inert
and must undergo two hydroxylation reactions to be acti-
vated 1 the body. Calcitriol (1,25-Dihydroxycholecalcit-
erol) 1s the active form of vitamin D found in the body. The
term vitamin D refers to these metabolites and other ana-
logues of these substances. In certain embodiments, the
adjuvant compositions may include 1,25-Dihydroxyvitamin
D, (DHVD,).

Vitamin C.

Vitamin C or L-ascorbic acid 1s an essential nutrient for
humans. Ascorbate (an 10n of ascorbic acid) 1s required for
a range ol essential metabolic reactions 1n all animals and
plants. The pharmacophore of vitamin C 1s the ascorbate 10n.
In living organisms, ascorbate 1s an anti-oxidant, since it
protects the body against oxidative stress, and 1s a cofactor
in several vital enzymatic reactions. Vitamin C 1s purely the
L-enantiomer ol ascorbate; the opposite D-enantiomer has
no physiological significance.

Additives

In certain embodiments, the vegetable o1l carrier of the
adjuvant composition may include allyl i1sothiocyanate
(AIT). Allyl 1sothiocyanate (AIT) 1s also referred to as
volatile o1l of mustard or essential o1l of mustard or o1l of
mustard. AIT 1s an organosulfur compound of the formula
CH,CHCH,NCS. AIT 1s responsible for the pungent taste of
mustard, horseradish, and wasabi. It 1s slightly soluble 1n
water, but well soluble 1 most organic solvents. Allyl
1sothiocyanate comes from the seeds of black or brown
Indian mustard. When these mustard seeds are broken, the
enzyme myrosinase 1s released and acts on a glucosinolate
known as sinigrin to give allyl 1sothiocyanate. Allyl 1soth-
1ocyanate serves the plant as a defense against herbivores;
since 1t 1s harmiul to the plant itself, it 1s stored in the
harmless form of the glucosinolate, separate from the myro-
sinase enzyme. When an animal chews the plant, the allyl
1sothiocyanate 1s released, repelling the animal. Allyl 1soth-

iocyanate 1s produced commercially by the reaction of allyl
chloride and potassium thiocyanate: CH,=CHCH,Cl+
KSCN—CH,=CHCH,NCS+KCI. The product obtained 1n
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this fashion 1s sometimes known as synthetic mustard oil.
Allyl 1sothiocyanate can also be liberated by dry distillation
of the seeds. The product obtained in this fashion 1s known
as volatile o1l of mustard and 1s usually around 92% pure. It
1s used principally as a flavoring agent 1n foods. Synthetic
allyl 1sothiocyanate 1s used as an insecticide, bacterialcide,
and nematocide, and 1s used in certain cases for crop
protection.

In certain cases, the adjuvant composition may be com-
posed of: AIT and a vitamin (such as, one ore more of the
vitamins A, C, D, E, or salts or derivatives thereof). In
certain cases, the adjuvant composition may be composed
of: AIT and a flavonoid (such as a catechin, for example,
catechin hydrate). In certain cases, the adjuvant composition
may be composed of: AIT, a vitamin (such as, one ore more
of the vitamins A, C, D, E, or salts or dertvatives thereot),
and a flavonoid (such as a catechin, for example, catechin
hydrate).

The adjuvant compositions may include MF59 that con-
tains squalene, a terpenoid plant derivative which has been
shown adjuvant properties 1n ammal and human studies.
However, 1n certain embodiments MF39 or squalene may
not be included in the adjuvant compositions. Thus, 1n some
embodiments, the adjuvant compositions provided herein
include a flavonoid; a pharmaceutically acceptable o1l car-
rier; and optionally one or more vitamins selected from the
group consisting of Vitamin A, Vitamin E and Vitamin C but
does not include MF39 or squalene.

The adjuvant compositions may include saponin and its
derivative QS-21. However, in certain embodiments saponin
may not be mcluded 1n the adjuvant compositions. Thus, in
some embodiments, the adjuvant compositions provided
herein include a flavonoid; a pharmaceutically acceptable o1l
carrier; and optionally one or more vitamins selected from
the group consisting of Vitamin A, Vitamin E and Vitamin
C but does not include saponin or its derivatives.

Derivatives of phytol, a dietary diterpene alcohol, similar
in structure to naturally occurring isoprenoid adjuvants,
elicit increased titers of all major IgG subclasses, especially
IgG2a and cytotoxic effector T cell responses. The adjuvant
compositions may include phytol or 1ts dernivates. However,
in certain embodiments phytol may not be included 1n the
adjuvant compositions. Thus, in some embodiments, the
adjuvant compositions provided herein include a flavonoid;
an o1l carrier; and optionally one or more vitamins selected
from the group consisting of Vitamin A, Vitamin E and
Vitamin C but does not include phytol or its derivatives.

The adjuvant compositions may include other additives,
such as, gelatin, antibiotics, sorbitol, sucrose, lactose, other
sugars, bioadhesives, mucoadhesives (e.g., hyaluronic acid
or a denivative thereol, for example, HYAFF), hydrophilic
polymers and hydrogels, polyethylene oxide homopolymers,
chitosan, Beeswax, and the like.

The adjuvant compositions may include immunogenicity
enhancing agents, such as, lipopolysaccharides, enterotoxins
such as the heat labile toxin from Escherichia coli bacte-
rium, cholera toxin from Vibrio cholerae, toll like receptor
agonists (e.g., CpG or CpG oligonucleotides). The adjuvant
compositions may be combined with other vaccine delivery
systems, such as, alum, liposomes, oi1l-in-water emulsions,
for example.

The adjuvant compositions may be formulated with large,
slowly metabolized macromolecules such as proteins, poly-
saccharides, polylactic acids, polyglycolic acids, polymeric
amino acids, amino acid copolymers, and 1nactive virus
particles. Examples of particulate carriers include those
derived from polymethyl methacrylate polymers, as well as
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microparticles dertved from poly(lactides) and poly(lactide
co glycolides), known as PLG.

The adjuvant compositions may include the mutant forms
of a holotoxin, e.g. from £. coli, comprising the mutated A
subunit and the B subunit, which may be oligomeric, as 1n
the wild-type holotoxin. The B subunit 1s preferably not
mutated. However, 1t 1s envisaged that a mutated A subumnit
may be used in 1solation from the B subunit, either 1n an
essentially pure form or complexed with other agents, which
may replace the B subunit and/or 1ts functional contribution.
L' mutants for use 1n the compositions include mutants with
one or more of the following mutations: a mutation 1n the A
subunit of the serine at position 63, and a mutation 1n the A
subunit of the alanine at position 72, for example, the serine
at position 63 1s replaced with a lysine and the alanine at
position 72 1s replaced with arginine.

The adjuvant compositions may include may include
cholera toxin (“*CT”) or detoxified mutants thereof and
microparticles (1.e., a particle of about 100 nm to about 150
um 1n diameter, more preferably about 200 nm to about 30
um 1n diameter, and still more preferably about 500 nm to
about 10 um 1n diameter) formed from materials that are
biodegradable and non-toxic (e.g., a poly(.alpha.-hydroxy
acid), a polyhydroxybutyric acid, a polyorthoester, a poly-
anhydride, a polycaprolactone, etc.).

The adjuvant compositions disclosed herein may be for-
mulated as microparticle using a poly(a-hydroxy acid), in
particular, from a poly(lactide) (*PLA”), a copolymer of
D,L-lactide and glycolide or glycolic acid, such as a poly
(D,L-lactide-co-glycolide) (“PLG” or “PLGA”), or a copo-
lymer of D,L-lactide and caprolactone. The microparticles
may be dertved from any of various polymeric starting
materials which have a varniety of molecular weights and, in
the case of the copolymers such as PLG, a vanety of
lactide:glycolide ratios, the selection of which will be
largely a matter of choice, depending in part on the coad-
ministered antigen. If the composition includes an antigen,
the antigen may be entrapped within the microparticles, or
may be adsorbed onto their surface.

In certain embodiments, the compositions disclosed
herein include, an immuno-modulatory factor, for example,
a protein that 1s capable of modulating an immune response.
Non-limiting examples of 1mmunomodulatory factors
include lymphokines (also known as cytokines), such as
IL-6, TGF-beta, 1L-1, IL-2, IL-3, etc.); and chemokines
(e.g., secreted proteins such as macrophage inhibiting fac-
tor). Certain cytokines, for example TRANCE, {lt-3L, and a
secreted form of CD40L are capable of enhancing the
immunostimulatory capacity of APCs. Non-limiting
examples of cytokines which may be used alone or in

combination in the compositions disclosed herein include,
interleukin-2 (IL-2), stem cell factor (SCF), interleukin 3

(IL-3), mterleukin 6 (IL-6), mterleukin 12 (IL-12), G-CSF,
granulocyte macropliage-colony stimulating factor (GM-
CSF), interleukin-1 alpha (IL-1.alpha.), interleukin-11 (IL-
11), MIP-1.gamma., leukemia mhibitory factor (LIF), c-kit
ligand, thrombopoietin (TPO), CD40 ligand (CD40L),
tumor necrosis factor-related activation-induced cytokine
(TRANCE) and {lt3 ligand (11t-3L).

The adjuvant compositions may include emulsifiers, such
as, lecithin, for example phospholipids and/or surfactants
that are amphiphilic and acceptable for human and/or vet-
erinary use. The surfactants may be ionic (e.g. Tween 80),
cationic (e.g. CTAB) or zwitterionic (e.g. CHAPS). The
acceptability of a surfactant for human and/or veterinary use
may be determined by those of skill in the art. A surfactant
1s amphiphilic 11 a part of the surfactant molecule 1s hydro-
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phobic and a part 1s hydrophilic. Examples of surfactants
useful 1n the adjuvant compositions disclosed herein
include, but are not limited to, a Tween surfactant and a Span
surfactant. Tween and Span surfactants include, but are not
limited to, monolaureate (Tween 20, Tween 21, Span 20),
monopalmitate (Tween 40, Span 40), monostearate (Tween
60, Tween 61, Span 60), tristearate (ITween 65, Span 63),
monooleate (Tween 80, Tween 81, Span 80) and trioleate
(Tween 85, Span 85).

The adjuvant compositions may include pharmaceutically
acceptable auxiliary substances as required to approximate
physiological conditions such as pH adjusting and buflering,
agents, and the like, for example, sodium acetate, sodium
chlornide, potassium chloride, calcium chloride, sodium lac-
tate, phosphate bufler saline, and the like.

The adjuvant compositions may include medicinal rube-
facients, such as, Capsaicin (derived from Cayenne, Capsi-
cum minimum), Salicylates (such as Oi1l of Wintergreen,
Methyl Salicylate), Nicotinate esters, Rubbing alcohol, com-
mon herbal rubefacients include: Cloves (Fugenia caryvphyl-
lus), Garlic (Allium sativum), Ginger (Zingiber officinale),
Horseradish (Cochlearia armoracia), Mustard (e.g., Bras-
sica alba or B. nigra), Nettle (Urtica dioica), Rosemary Oil
(Rosmarinus officinalis), Rue (Ruta graveolens).

Antigens

The adjuvant compositions disclosed herein may be
administered 1n combination with one or more antigens. Any
antigen against which it 1s desirable to induce an 1mmune
response may be used. Such an antigen may be obtainable
from virus, fungi, or bacteria or other human and/or animal
pathogens, or cancer cells. The antigen may be an allergen.
Full length protein or a fragment thereot as well as modified
or unmodified protein may be used as antigen. Antigens also
include polysaccharides. In some cases, the antigen may be
encoded by a DNA or RNA, e.g., derived from a pathogen
or cancer cells.

Cancer Antigens.

Many human cancers express cell surface molecule that
are specific to the cancer cell, 1.e., they are not expressed at
a detectable level or a significant level by normal human
somatic cells. Examples of such antigens include but are not
limited to the following: various glycolipids and polysac-
charides, Alpha-fetoprotein (AFP) and Cancer Antigens
CA125, CA15-3, and CA19-9.

AFP:

Elevation of serum AFP to abnormally high values occurs
in several malignant diseases—including nonseminomatous
testicular cancer and primary hepatocellular carcinoma—
and some benign ones, including hepatitis and cirrhosis.

CA125:

Cancer Antigen 125 (CA125) 1s a surface antigen asso-
ciated with epithelial ovarian cancer, and to date CA125 1s
the most sensitive marker for residual epithelial ovarian
cancer. CA125 may also be elevated 1n patients with lung,
cervical, fallopian tube, and uterine cancer and endometrio-
S1S.

CA15-3:

Cancer antigen 15-3 (CA15-3) 1s useful for monitoring,
breast cancer patients post-operatively for recurrence, par-
ticularly metastatic diseases. CA15-3 has been shown to be
useiul 1 early detection of relapse of ovarian cancer.

CA13-3 levels are also increased 1n colon, lung, and hepatic
tumors.

CA19-9:

Serum CA19-9 level 1s frequently elevated in subjects
with certain gastrointestinal malignancies, such as pancre-
atic, colorectal, gastric and hepatic carcinomas. A persis-
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tently rising serum CA 19-9 value may be associated with
progressive malignant disease and poor therapeutic
response. A declining CA 19-9 value may be indicative of a
favorable prognosis and good response to treatment.

Prion Antigens.

Transmissible spongiform encephalopathies (TSEs) are a
group ol neurodegenerative diseases characterized by a
rapidly progressive deterioration (1n cognitive function and/
or coordination) which always leads to death. TSEs occur 1n
humans and in animals. The most likely cause of the TSEs
1s the prion protein form designated PrPSc, named after
scrapie, the oldest known form of prion disease, which
originated 1n sheep and goats. How prions cause brain
damage 1s unclear at present, but all hypotheses suggest that
posttranslational modification of the native prion protein
(PrPC) by PrPSc to form amyloid fibrils 1s a central event 1n
pathogenesis.

In humans, Creutzieldt-Jakob disease (CID) 1s the most
widespread TSE (incidence 1/million/year). Clinically,
patients can be diagnosed as possible or probable CID
patients but neuropathological conformation 1s necessary to
obtain a defimite diagnosis. Neuropathological investigation
1s based on a triad of histological lesions: spongiosis, neuron
loss, and reactive astrogliosis.

The prion protemn (PrP) was imitially described as an
essential component of the infectious agents responsible for
transmissible spongiform encephalopathies (TSE). TSE are
a group ol neurodegenerative disorders that include
Creutzieldt-Jakob disease and kuru in humans, bovine spon-
giform encephalopathy, sheep scrapie, and chronic wasting
disease in deer and elk. Although the pathophysiology of
TSE remains poorly understood, an almost invariable fea-
ture 1s the accumulation of an abnormal isoform of PrP
(scrapie PrP, designated PrPSc) in infected tissues of
allected individuals. PrP was found to be encoded by a
unique gene of the host, Pmp (PRNP 1n humans), the
structure of which 1s remarkably conserved between species.
Its physiological product 1s expressed as a GPI-anchored
membrane protein termed cellular PrP (PrPC), in many
tissues at variable levels.

Pathogens.

The antigens for use in combination with the adjuvant
compositions described herein include antigens derived
from any pathogens including viruses, bacteria or fungi, or
cancers. Such antigens include, for instance, the structural as
well as nonstructural proteins of a pathogen, such as Env,
Gag and Pol of HIV or F protein of RSV, or HA of influenza,
in their native form or i a form optimized for enhanced
Immunogenicity.

Other antigens which may be included 1n the adjuvant
compositions are: A protein antigen from N. meningitidis
serogroup B, such as those in International patent applica-
tion publications: W099/24578; W099/36544; WQO99/
57280; W0OO00/22430; and W096/29412, for example; an
outer membrane vesicle (OMYV) preparation from N. men-
ingitidis serogroup B, such as those disclosed 1n. Interna-
tional patent application WOO0152885; an oligosaccharide
antigen from N. meninigitidis serogroup A, C, W135 and/or
Y; A saccharnide antigen from Streptococcus preumoniae, an
antigen from hepatitis A virus, such as nactivated virus, an
antigen irom hepatitis B virus, such as the surface and/or
core antigens, an antigen from hepatitis C virus, Bordetella
pertussis, such as pertussis holotoxin (PT) and filamentous
haemagglutinin (FHA) from B. pertussis, optionally also in
combination with pertactin and/or agglutinogens 2, a diph-
theria antigen, such as a diphtheria toxoid, a tetanus antigen,
such as a tetanus toxoid, a saccharide antigen from Haemo-
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philus influenzae B, an antigen from N. gonorrhoeae) e.g.
International patent application publication W0O99/24578;
W099/36544; W0O99/57280). Other antigens of interest

include antigens from: Chlamydia prneumoniae (e.g. Inter-
national patent application W0O0202606; International pat-

ent application publications: W099/27105; WO00/27994;
WO000/37494), Chlamydia trachomatis (e.g. International
patent application WQO99/28475), Porphyromonas gingiva-
[is, polio antigen(s) such as IPV or OPYV, rabies antigen(s)
such as lyophilised mactivated virus (e.g. 77, RabAvert™),
measles, mumps and/or rubella antigens, influenza antigen
(s), such as the haemagglutinin and/or neuraminidase sur-
tace proteins, the Respiatory syncytial virus, e.g. the F or the
G proteins, the calicivinidae family of viruses, e.g. norovirus
and sapovirus, the reoviridae family, e.g. Rotavirus, herpes
simplex viruses, prions, the Salmonella bacteria, Escheri-
chia coli bacteria, the Vibrio cholera bacteria, Moraxella
catarrhalis, Streptococcus agalactiae (group B streptococ-
cus) [e.g. International patent application PCT/GBO01/
04789], Streptococcus pyogenes (group A streptococcus)
|e.g. International patent application PCT/GB01/04789],
Staphiviococcus aureus, the Respiratory syncytial virus, e.g.
the F or the G proteins, the caliciviridae family of viruses,
¢.g. norovirus and sapovirus, the reoviridae family, e.g.
Rotavirus, herpes simplex viruses, Salmonella bactena.

A saccharide or carbohydrate antigen may be conjugated
to a carrier protein Exemplary carrier proteins are bacterial
toxins or toxoids, such as diphthena, cholera, £. coli heat
labile or tetanus toxoids, CRM.sub.197 diphtheria toxoid, V.
meninigitidis outer membrane protein [European patent
application 0372501], synthetic peptides [European patent
applications 0378881 & 0427347], heat shock proteins
[International patent application WQO93/17712], pertussis
proteins [International patent application WQO98/38668; see
also EP 04711771, protein D from H. influenzae [Interna-
tional patent application WO00/56360.], toxin A or B from
C. difficile [International patent application WO00/61761],
for example. Any suitable conjugation reaction can be used,
with any suitable linker where necessary.

Nucleic Acid Encoding Antigen.

The immunomodulatory/adjuvant compositions disclosed
may include a nucleic acid encoding antigen encoding a
polypeptide antigen or a protein antigen as described above.
Examples of antigens that can be encoded by nucleic acids
and provided as DNA or RNA-based vaccines and vector
vaccines 1nclude vaccines for HIV, herpes, hepatitis and
influenza.

Examples of Compositions

Exemplary compositions are provided in Table 1 below.

TABLE 1
Adjuvant Pharmaceutically Flavonoid (or Vitamin (or
Compo- Acceptable Oil derivative or derivative or
sition Carrier salt thereof) salt thereof)
1 Mustard Oil (+/- AIT) Catechin hydrate Vitamimn A
2 Mustard O1l (+/— AIT) Catechin hydrate Vitamin E
3 Mustard Oil (+/- AIT) Catechin hydrate Vitamin C
4 Mustard O1l (+/— AIT) Catechin hydrate Vitamin D
5 Mustard Oil (+/- AIT) Catechin hydrate Vitamimn A +
Vitamin E
6 Mustard O1l (+/— AIT) Catechin hydrate Vitamin A +
Vitamimn D
7 Mustard O1l (+/— AIT) Catechin hydrate —
8 Mustard O1l (+/- AIT) — Vitamin A
9 Mustard O1l (+/- AIT) — Vitamin E
10 Mustard Oi1l (+/- AIT) — Vitamin C
11 Mustard O1l (+/- AIT) — Vitamin D
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TABLE 1-continued

Adjuvant Pharmaceutically Flavonoid (or Vitamin (or
Compo- Acceptable Oil derivative or derivative or
sition Carrier salt thereof) salt thereof)
12 Mustard O1l (+/- AIT) — Vitamm A +
Vitamin E
13 Mustard Oi1l (+/- AIT) — Vitamim A +
Vitamin D
14 Olive O1l (+/— AIT) Catechin hydrate Vitamin A
15 Olive O1l (+/- AIT) Catechin hydrate Vitamin E
16 Olive O1l (+/— AIT) Catechin hydrate Vitamin C
17 Olive O1l (+/- AIT) Catechin hydrate Vitamin D
18 Olive O1l (+/- AIT) Catechin hydrate Vitamin A +
Vitamin E
19 Olive O1l (+/— AIT) Catechin hydrate —
20 Olive O1l (+/- AIT) Catechin hydrate Vitamm A +
Vitamin D
21 Olive O1l (+/- AIT) - Vitamin A
22 Olive O1l (+/— AIT) — Vitamin E
23 Olive O1l (+/- AIT) - Vitamin C
24 Olive O1il{(+/- AIT) — Vitamin D
25 Olive O1l (+/— AIT) — Vitamin A +
Vitamin E
26 Olive O1l (+/— AIT) — Vitamin A +
Vitamin E

The adjuvant compositions 1-26 described above are
exemplary and may include additional components, such as,
an additional o1l carrier, e.g., suntlower seed o1l, coconut o1l,
soybean o1l. In other embodiments, compositions 1-26
described above do not contain additional o1l carriers, e.g.,
suntlower o1l, coconut oil, soybean oil.

The adjuvant compositions 1-26 described 1n Table 1 as
well as other adjuvant compositions described 1n the speci-
fication may include additional components, such as, addi-
tives, e.g., antigens, preservatives, colorants, flavorants,
bufters, salts, etc.

Components of the Adjuvant Compositions and their
Relative Amounts

The adjuvant compositions described herein may be used
to induce an 1immune response, such as, a Th-1 response.
Th-1 response may be particularly suited to respond to viral
infections, intracellular pathogens, and tumor cells because
it includes 1L.-2 and IFN-y, which activate CTLs.

The adjuvant compositions described herein may be used
to induce an immune response, such as, a Th-2 response.
Th-2 response may be more suited to respond to extracel-
lular bacteria and helminthic parasites and may also mediate
allergic reactions, since 1L-4 and IL-5 are known to induce
IgE production and eosinophil activation.

Vitamin A (e.g., All-trans retinoic acid (ATRA), an acid
derivation of Vitamin A) may be included in the adjuvant
compositions if a higher Th-2 response 1s desired. In certain
cases, 1t may be desirable to elicit a Th-1 type immune
response. In these cases, the adjuvant compositions may
include Vitamin C (e.g., ascorbate) and/or Vitamin D and/or
Vitamin E and/or a flavonoid.

The adjuvant composition may include: a flavonoid and
Vitamin A; or a flavonoid, Vitamin C and Vitamin A; or a

flavonoid, Vitamin D and Vitamin A; or a flavonoid, Vitamin
E and Vitamin A; or a flavonoid, Vitamin C and E and
Vitamin A; or a flavonoid, Vitamin C and D and Vitamin A;
or a flavonoid, Vitamin D and E and Vitamin A in the
adjuvant compositions. It 1s understood that each of the
foregoing adjuvant compositions include a pharmaceutically
acceptable vegetable o1l (e.g., mustard o1l, corn o1l, soybean
o1l, sunflower oil, etc). In addition, 1t 1s understood that each
of the foregoing compositions may include the vitamin
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named or a salt or derivative thereot. Similarly, the flavonoid
may be a flavonoid or a salt or derivative thereof.

In certain embodiments, the inclusion of a pharmaceuti-
cally acceptable vegetable o1l (e.g., mustard oi1l), a fla-
vonoid, and a vitamin (such as, Vitamin A, C, D and/or E)
in the adjuvant compositions may produce an enhanced
immune response (for example, synergistic eflect) compared
to the eflect of an adjuvant composition that includes a
pharmaceutically acceptable vegetable o1l (e.g., mustard o1l)
and a flavonoid or a pharmaceutically acceptable vegetable
o1l (e.g., mustard o1l) and a vitamin (such as, Vitamin A, C,
D and/or E).

The adjuvant compositions disclosed herein may include
mustard o1l or another pharmaceutically acceptable o1l car-
rier. Pharmaceutically acceptable o1l carrier with rubefacient
properties, for example mustard oil, 1s suitable for prepara-
tion of adjuvant compositions for administration through
epithelial cells of the mucosal membranes or the skin or
directly injected by e.g. intra-muscular or intra-dermal
administrations.

The volume of pharmaceutically acceptable o1l carrier,
¢.g., mustard oil, used 1n liqud form 1n the adjuvant com-
positions described herein may be 1n the range of 1-95% of
the total volume of an adjuvant composition. Thus, 1n certain
cases, the pharmaceutically acceptable o1l carrier may make
up 1%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, or 95% by volume of the total volume of a subject
adjuvant composition.

The amount of a vitamin (or 1ts salt or derivative) that may
be included 1n the subject adjuvant compositions may be
determined based on the body weight of the subject. In
general, the recommended daily allowance may be used to
ascertain the amount of vitamin that may be present in the
subject adjuvant compositions.

For example, the amount of vitamin A that may be
included in the subject adjuvant compositions may be 1n the
range of 1-250 ng/kg body weight, e.g., 1 ug/kg, 5 ng/kg, 10
ug/'kg, 20 ug/kg, 30 ug/kg, 50 ug/kg, 70 ng/kg, 90 ug/ke, 110
ug/kg, 130 ug/kg, 150 ug/keg, 170 ug/kg, 190 ng/kg, 210
ug/kg, 230 ug/kg, or 250 ug/kg body weight.

For example, the amount of vitamin C that may be
included 1n the subject adjuvant compositions may be in the
range of 1-100 mg/kg body weight, e.g., 1, 5, 10, 15, 30, 50,
70, 80, 90, or 100 mg/kg body weight.

For example, the amount of vitamin D that may be
included in the subject adjuvant compositions may be 1n the
range of 0.01-10 ng/kg body weight, e.g., 0.01, 0.5, 1, 2, 5,
7, 8,9, or 10 ng/kg body weight.

For example, the amount of vitamin E that may be
included in the subject adjuvant compositions may be 1n the
range of 0.01-10 ug/kg body weight, e.g., 0.01, 0.05, 0.1,
05, 1,2,5 7,8, 9, or 10 ug’kg body weight.

The amount of a flavonoid (or 1ts salt or derivative) that
may be included 1n the subject adjuvant compositions may
be determined based on the body weight of the subject. The
amount of the flavonoid, e.g., catechin (such as catechin
hydrate), may be 1n the range of 1-100 mg/kg body weight
of a subject, e.g., 1, 5, 10, 15, 30, 50, 70, 80, 90, or 100
mg/kg body weight.

The adjuvant compositions may be in the form of a
suspension, tablet (to be swallowed or chewed), fast-dis-
solving tablets or gels or strips, capsule, powder, gel, cream,
lotion, ointment, aerosol or the like.

An exemplary adjuvant composition for administration to
a human subject may include 3-80% vol/vol of mustard oil,
e.g., 3%, 10%, 15%, 20%, 25%, 30%, 40%, 50%, 60%.,
70%., or 80% vol/vol of mustard oil.
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An exemplary adjuvant composition for administration to
a human subject may include 0.1-100 mg of Vitamin A, e.g.,
0.1,0.5,1, 5,10, 15, 30, 50, 70, 80, 90, or 100 mg of Vitamin
A.

An exemplary adjuvant composition for adminmstration to
a human subject may include 0.1-400 mg of Vitamin E, e.g.,
0.1,0.5,1, 5,10, 15,30, 50, 70, 80, 90, 100, 200, 300, or 400
mg ol Vitamin E.

An exemplary adjuvant composition for administration to
a human subject may include 0.1-2000 mg of Vitamin C,
e.g.,0.1,0.5,1, 10, 30, 100, 130, 200, 300, 600, 900, 1000,
1300, 1500, 1800, or 2000 mg of Vitamin C.

An exemplary adjuvant composition for administration to
a human subject may include 0.1-2000 mg of Catechin
hydrate, e.g., 0.1, 0.5, 1, 10, 30, 100, 130, 200, 300, 600,
900, 1000, 1300, 1500, 1800, or 2000 mg of Catechin
hydrate.

An exemplary adjuvant composition for adminmstration to
a human subject may include 0.001-10 mg of AIT, e.g.,
0.001, 0.005, 0.01, 0.05, 0.1, 0.5, 1, 2, 5,7, 8, 9, or 10 mg
of AIT.

As used 1n herein vol/vol refers to the volume of a
component 1n the total volume of the adjuvant composition.

Thl-type immune response can be mduced in mammals
by administration of certain immunomodulatory polynucle-
otides. The immunomodulatory polynucleotides include

sequences referred to as immunostimulatory sequences
(“ISS”), often including a CG dinucleotide. See, e.g., PCT

Publications WO 98/55495, WO 97/28259, U.S. Pat. Nos.
6,194,388 and 6,207,646. Thus, 1n certain embodiments, the
subject adjuvant compositions may include ISS.

In certain embodiments, the subject adjuvant composi-
tions may include an emulsifier (such as, lecithin, or a
surfactant, e.g., detergents) as described above. The concen-
tration of an emulsifier 1n the adjuvant composition 1s
dependent on different factors. For example, the higher the
concentration of the pharmaceutically acceptable o1l 1n the
adjuvant composition the more emulsifier 1s required. In
general, the concentration of a surfactant or other emulsifier
in the subject adjuvant composition 1s from 1.5% to 5% v/v,
or 1.5% to 3% v/v, or 1.5% to 2.5%, or 2% v/v. When more
than one surfactant 1s used, the sum of the concentrations of
all surtfactants used 1n the adjuvant composition 1s also from
1.5% to 5%, or 1.5% to 3%, or 1.5% to 2.5%, or 2% v/v.
The adjuvant compositions disclosed herein may not
include an antigen. An adjuvant composition that does not
include an antigen may be used to generally and non-
specifically enhance immune responses, for example to
serve as a general immunopotentiator to be taken daily.
Alternatively, an adjuvant composition that does not include
an antigen can be administered in conjunction with an
antigen, 1.€., before, simultaneously, or after vaccinations.

Adjuvant Compositions Including Antigen

In certain embodiments, the subject adjuvant composi-
tions may include one or more antigens.

The concentration of antigen 1n adjuvant compositions
can vary widely, and will be selected primarily based on
fluid volumes, viscosities, body weight and the like 1n
accordance with the particular mode of administration
selected and the subject’s needs. The concentration of an
antigen in the pharmaceutical formulations can vary widely,
1.€., from less than about 0.1%, usually at or at least about
2% to as much as 20% to 30% or more by weight/volume,
and will be selected primarily by nature of the antigen, fluid
volumes, viscosities, etc., i accordance with the particular
mode of administration selected. In certain embodiments,
the antigen may be 0.1%-30% w/v of the adjuvant compo-
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sition, for example, 0.1%-25%, 0.5%-20%, 1%-15%,
2%-10%, 3%-8%, or 5%-6% w/v of the adjuvant composi-
tion.

Method of Making Adjuvant Composition

The components of the subject adjuvant composition may
be obtained from a variety of sources using a number of
methods. Alternatively, the components may be synthesized
chemically. In certain cases, the components may be made
isolated from a natural source and may be additionally
modified, e.g., chemically modified. For example, mustard
o1l may be extracted from mustard plant seeds. Alternatively,
the pharmaceutically acceptable vegetable o1l carrier may be
purchased from a vendor. Vitamins A, C, D, and E may be
purchased from Sigma Aldrich chemical company, prepared
and produced by standard biochemical methods. The fla-
vonoids, e.g., catechins, for example, catechin hydrate, may
be purchased from Sigma Aldrich chemical company, pre-
pared and produced by standard biochemical methods.

In general, Catechins may either be extracted from green
tea or synthesized chemically. Korean and Chinese green
tea, and pu-erh, Indian black, Longjing, Tieguanyin, Bam-
boo, Jasmine, Oolong, Flower, Red teas may be used for
extracting catechins, such as, epigallocatechin, catechin,
epicatechin, epigallocatechin gallate and epicatechin gallate.
Chinese green tea 1s a rich source of catechin. Green tea 1s

a better source of catechin compared to the other types of
tea.

Vitamin A (e.g., retinoic acid), Vitamin D (e.g., Calcitriol
(1,25-Dihydroxycholecalciferol), Vitamin E (e.g., alpha-to-
copherol) and catechin hydrate may be dissolved 1n ethanol,
for example, 200 proof ethanol. Vitamin C may be dissolved
in an alkaline solution such as sodium bicarbonate butler. An
antigen may be dissolved in water, a bufler (e.g., PBS), or
saline solution. A stock solution of the individual compo-
nents of the adjuvant composition may be made and the
appropriate volumes of the components may then be mixed
together to obtain the subject adjuvant composition. The
total volume of the subject adjuvant composition may be
adjusted with PBS or saline.

In certain embodiments, a pharmaceutically acceptable o1l
and a falvonoid and optionally a vitamin may be mixed
together 1n amounts as described above along with a sur-
factant such as Tween®-80. Before administrating, the adju-
vant composition may be emulsified by repeatedly with-
drawing and releasing the mixture of a pharmaceutically
acceptable o1l, a surfactant(s), and another component(s).

The components of the adjuvant compositions may be
sterilized prior to admixing or after forming the adjuvant
compositions. The adjuvant compositions may be mixed
with a gel, or formulated into microparticles, etc. before
administration.

The adjuvant compositions disclosed herein may be for-
mulated 1nto a spray (e.g., nasal spray), drops (e.g., nasal
drops), gel, powder, tablets or capsules, patch, and the like.
Of particular interest are adjuvant compositions suitable for
administration via inhalation including but not limited to,
liquid suspensions for forming aerosols as well as powder
forms for dry powder inhalation delivery systems. Devices
suitable for admimstration by inhalation of subject adjuvant
composition include, but are not limited to, atomizers,
vaporizers, nebulizers, and dry powder inhalation delivery
devices.

The adjuvant compositions disclosed herein may be for-
mulated ito liquids or emulsions for injecting using a
parenteral route, e.g., intravenous, mtramuscular, subcuta-
neous.
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Method of Using Adjuvant Compositions

The present disclosure provides methods for modulating,
an 1mmune response 1n a subject, such as, stimulating a
cellular and/or a humarl immune response. The adjuvant
compositions disclosed herein can be useful for prophylaxis
and/or treatment of various infections and neoplastic dis-
eases.

Conditions

In certain embodiments, the adjuvant compositions dis-
closed herein may be find use in the context of administering
an antigen, as a vaccine. The vaccine may be a prophylactic
vaccine or a therapeutic vaccine. A prophylactic vaccine 1s
given before infection to prevent disease, whereas a thera-
peutic vaccine 1s give after the onset of infection or disease.
A prophylactic vaccine comprises one or more epitopes
associated with a disorder for which the subject may be at
risk (e.g., M. tuberculosis antigens as a vaccine for preven-
tion of tuberculosis). Therapeutic vaccines comprise one or
more epitopes associated with a particular disorder affecting
the individual, such as M. tuberculosis or M. bovis surface
antigens 1n tuberculosis patients, antigens to which the
individual 1s allergic (1.e., allergy desensitization therapy) 1in
individuals subject to allergies, tumor cells from an 1ndi-
vidual with cancer (e.g., as described in U.S. Pat. No.
5,484,596), or tumor associated antigens 1n cancer patients.

The adjuvant composition may be given in conjunction
with the antigen (e.g., 1n the same composition or a simul-
taneously using separate compositions) or the adjuvant
composition may be administered separately (e.g., at least
12 hours before or after admimstration of the antigen). In
certain embodiments, the antigen(s) 1s admixed with the
adjuvant composition.

Administration of the subject adjuvant composition and
antigen may result in amelioration of one or more symptoms
or a later onset of one or more symptoms of the disorder
which the vaccine 1s mtended to treat. As will be apparent to
one of skill in the art, the exact symptoms and manner of
their improvement will depend on the disorder sought to be
treated. For example, where the therapeutic vaccine 1s for
tuberculosis, administration of adjuvant composition with
antigen may result in reduced or delayed onset of coughing,
pleural or chest wall pain, fever, and/or other symptoms
known 1n the art. Where the vaccine 1s an allergen used in
allergy desensitization therapy, the administration of adju-
vant composition with antigen may result 1n a reduction or
a delay 1n onset of the symptoms of allergy (e.g., reduction
in rhinitis, allergic conjunctivitis, circulating levels of IgE,
and/or circulating levels of histamine).

The subject adjuvant composition may also be used
prophylactically to increase resistance to infection by a wide
range of bacterial or viral pathogens, including natural or
genetically modified organisms employed as agents of bio-
logical warfare or bio-terrorism.

Other embodiments relate to immunomodulatory therapy
of subjects having a pre-existing disease or disorder, such as
cancer or an 1nfectious disease. Cancer 1s an attractive target
for 1mmunomodulation because most cancers express
tumor-associated and/or tumor specific antigens which are
not found on other cells i the body. Stimulation of a
Thl-type immune response results in the death of tumor
cells, either by direct action of cellular immune system cells
(e.g., CTLs) or components of the humoral immune system,
or by bystander eflects on cells proximal to cells targeted by
the immune system including macrophages and natural
killer (NK) cells.

The adjuvant composition disclosed herein can also be
administered to subjects with infectious diseases caused by
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extracellular pathogens (e.g., bacteria or protozoans) or by
intracellular pathogens (e.g., viruses).

In certain embodiment, a subject suflering from a disorder
associated with a Th2-type immune response, such as (with-
out limitation) allergies, allergy-induced asthma, atopic der-
matitis, eosinophilic gastroimntestinal inflammation, €osino-
philic  esophagitis, and allergic bronchopulmonary
aspergillosis may be treated by administering an adjuvant
composition disclosed heremn. For example, an adjuvant
composition comprising a pharmaceutically acceptable oil
carrier, a flavonoid and at least one vitamin C, D and E may
be administered to the subject suflering from a disorder
associated with a Th2-type immune response increasing
levels of one or more Thl-type response associated cytok-
ines, which may result in a reduction of the Th2-type
response lfeatures associated with the subject’s response to
the allergen. Immunomodulation of a subject with Th2-type
response associated disorders results in a reduction or
improvement or delay 1n the onset of one or more of the
symptoms of the disorder. Where the disorder 1s allergy or
allergy-induced asthma, improvement in one or more of the
symptoms includes a reduction one or more of the follow-
ing: rhinitis, allergic conjunctivitis, circulating levels of I1gE,
circulating levels of histamine and/or requirement for “res-
cue’” mhaler therapy (e.g., inhaled albuterol administered by
metered dose inhaler or nebulizer).

Route of Administration

The adjuvant compositions disclosed herein may be
administered to a subject via a number of routes of admin-
istration. Exemplary routes of administration include
mucosal, e.g., oral, sublingual, intra-nasal, inhalation, ocu-
lar, intra-vaginal, intra-rectal; and systemic, e.g., intra-mus-
cular, intra-dermal, trans-dermal, intraperitoneal, subcutane-
ous or ftrans-cutaneous. In certain embodiments, a
combination of at least two routes of administration may be
used to induce an immune response. For example, a com-
bination of a mucosal route and a systemic route ol admin-
istration may be used.

In certain embodiments, the adjuvant compositions
described herein are not administered systemically.

The route of administration may vary based on the
individual subject and the stage of the disease and other
factors evident to one skilled 1n the art.

In certain embodiments, the adjuvant compositions
described herein may be administered through the mucosal
surface without breaking the mucosal surface.

The subject adjuvant compositions may be used with or
without an antigen(s). When used with an antigen, the
adjuvant composition and the antigen may be administered
simultaneously or the adjuvant composition may be admin-
istered before or after the administration of the antigen.
When used with an antigen, the antigen may be mixed with
the adjuvant composition.

The adjuvant compositions disclosed herein may be pro-
vided as micro- or nanoparticles in gel or tablet (such as, fast
dissolving) forms. Such formulations may be administered
via oral or sublingual routes, for example. For intra-nasal
administration, the adjuvant compositions may be formu-
lated as nasal sprays in an emulsion form or drops, for
example. For transcutaneous administration, adjuvant com-
positions may be given 1n a gel, lotion or omntment form. For
systemic 1njections, the adjuvant compositions can be given
formulated as an emulsion and/or micro/nanoparticles. For
rectal administration, the adjuvant compositions can be
tformulated as suppository or gels, for example. For vaginal
administration, the adjuvant compositions formulated as gel,
emulsion, omtment, for example.
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In certain embodiments, the adjuvant compositions dis-
closed herein may be administered to a subject via a com-
bination of different routes 1n the order indicated below:

1. systemic, mucosal;

11. systemic, systemic, mucosal, mucosal;

111. systemic, mucosal, systemic;

1v. mucosal, mucosal, systemic, systemic;

v. mucosal, systemic, systemic;

vl. mucosal, systemic, mucosal, for example.

When an adjuvant composition 1s administered systemi-
cally or mucosally more than once, the two or more systemic
or mucosal administrations may be by the same systemic
(for example, two intramuscular 1njections) or mucosal route
(two IN/SL administrations) or different (for example, one
intramuscular injection and one intravenous injection; one
IN admimistration and one SL administration).

Dosages

The dosage of the adjuvant compositions described herein
to be administered to a subject comprising may be deter-
mined based on the route of administration and body weight
and may range from 0.001 ml’kg body weight to 1 ml/kg
body weight. The number of times an adjuvant composition
1s administered may vary and may be determined based
upon numerous factors. These factors are evident to a person
of skill i the art and may include, the disease to be
prevented or treated, the type of pathogen or cancer, the
structural nature of the antigen, the route of administration,
the level of immune response induced 1n the subject, the type
of 1immune response, eftc.

Subjects

The adjuvant compositions described herein may be used
to elicit an 1immune response 1n a variety of subjects capable
of mounting an 1mmune response. In certain cases, the
adjuvant compositions described herein may be adminis-
tered to any member of the subphylum chordata, including,
mammals (humans, other non-human primates, domesti-
cated animals, e.g., livestock), avians, fishes, or any other
amimal 1n need thereof. In certain cases, the adjuvant com-
positions may be administered to humans. In certain cases,
the adjuvant compositions may be administered to cows. In
certain cases, the adjuvant compositions may be adminis-
tered to chickens, horse, sheep, goats. In certain cases, the
adjuvant compositions may be administered to porcines. In
certain cases, the adjuvant compositions may be adminis-
tered to cats and dogs.

Detection of Immune Response

Modulation of an 1mmune response may be humoral
and/or cellular, and may be measured using standard tech-
niques in the art. An immune response in a subject can be
detected 1 any number of ways, including measuring
expression levels of antigen-specific antibodies, one or more
of IFN-gamma, IFN-alpha, 1L-2, I1L-12, TNF-alpha, IL-6,
IL-4, IL-5, IL-10, IL-12, IL-13, IL-15, IL-18, IL-22, and
other cytokines as well as detecting responses such as B cell
proliferation, activation of specific populations of lympho-
cytes such as CD4™T cells, NK cells or CTLs, and dendritic
cell and macrophage maturation and activation.

Methods for measuring specific antibody responses
include enzyme-linked immunosorbent assay (ELISA) and
are well known 1n the art. Measurement of numbers of
specific types of lymphocytes such as CD4™T cells can be
achieved, for example, with fluorescence-activated cell sort-
ing (FACS). Cytotoxicity and CTL assays can be as
described 1n Raz et al. (1994) Proc. Natl. Acad. Sci. USA
01:9519-9523, for example. Cytokine concentrations can be
measured, for example, by ELISA. These and other assays
to evaluate the immune response to an immunogen are well
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known 1n the art. See, for example, SELECTED METHODS
IN CELLULAR IMMUNOLOGY (1980) Mishell and

Shiigi, eds., W. H. Freeman and Co.

Kits

Kits that include one or more sterile containers of com-
ponents of the adjuvant compositions described herein are
also provided. Individual components may be present in
separate sterile containers or two or more components may
be present 1n a single container. Optionally, the kit may also
include a container containing a desired antigen(s).

In some embodiments, the sterile containers may option-
ally have an access port(s) for withdrawing a specific
volume/amount of a component, for example, a port for
introducing a syringe to withdraw a certain volume of a
pharmaceutically acceptable oil.

In some embodiments, the containers of the components
of the adjuvant compositions described herein may not be
sterile but are reasonably clean.

The kits may further include a suitable set of instructions,
generally written 1nstructions, relating to the use of the
adjuvant composition for immunomodulation (e.g., amelio-
rating symptoms of an infectious disease, increasing IFN-
gamma levels, increasing IFN-alpha levels, or ameliorating
an IgE-related disorder).

The kits may comprise the components of the adjuvant
composition packaged 1n any convenient, appropriate pack-
aging. For example, 1f a component 1s a dry formulation
(e.g., Ireeze dried or a dry powder), a vial with a resilient
stopper may be used, so that the component may be easily
resuspended by 1njecting fluid through the resilient stopper.
Ampoules with non-resilient, removable closures (e.g.,
sealed glass) or resilient stoppers may be used for liquid
component(s) of the adjuvant composition. Also contem-
plated are packages for use 1n combination with a specific
device, mucosal administration devices, such as, an inhaler,
nasal administration device (e.g., an atomizer) or eye drops.

The mstructions relating to the use of adjuvant composi-
tion generally include information as to dosage, dosing
schedule, and route of administration for immunomodula-
tion. The containers of containing the components of adju-
vant composition or the premixed adjuvant composition
may be unit doses, bulk packages (e.g., multi-dose pack-
ages) or sub-unit doses. Instructions supplied 1 the kits
disclosed herein are typically written 1nstructions on a label
or package insert (e.g., a paper sheet included 1n the kat), but
machine-readable 1nstructions (e.g., instructions carried on a
magnetic or optical storage disk) may also be included.

EXAMPLES

The following example 1s provided to further illustrate the
advantages and features of the present invention, but 1s not
intended to limit the scope of the mnvention. While they are
typical of those that might be used, other procedures,
methodologies, or techniques known to those skilled 1n the
art may alternatively be used.

Materials and Methods

The following materials and methods were used in
Examples 1-4.

Adjuvants and Vaccine Preparations.

Recombinant HA protein of A/Caledonia/20/99 (H1N1)-
like virus (stock concentration 0.33 ug/ul) was used at 0.5 ug
per dose. Vitamin A (VA; Retinoic acid, Sigma-Aldrich; Cat
# R2625), Vitamin E (VE; alpha tocopherol, Sigma-Aldrich/
Fluka Biochemika; Cat #95240) and Catechin Hydrate (Cat;
Sigma-Aldrich, C1251, synonym: (+)-Cyanidol-3, (2R,3S)-
2-(3,4-Dihydroxyphenyl)-3,4-dihydro-1(2H)-benzopyran-3,
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5, 7-triol) were dissolved i 200 proof absolute ethanol
(S1igma-Aldrich, Cat #4359844). The stock concentration was
3 ug/ul for VA, 2000 ug/ul for VE, and 50 pg/ul for Cat
Hydrate. Vitamin C (VC; Sigma-Aldrich, Cat # A4544) was
dissolved in Sodium Bicarbonate bufler (pH 10.6) at the
concentration of 100 ug/ul (pH 5.5). Mustard seed o1l (MO)
was purchased from Botanic Oil Innovations Inc. (Spooner,
Wis.).

The amount used for each dose of vaccination was 30 ug
for VA, 500 ug for VC, 2000 ng for VE, and 120 ng for Cat.
The total volume for each IM thigh dose was 100 ul which

was adjusted with Dulbecco’s phosphate buflered saline
(PBS) (Cat #21-030-CV). All vaccines were prepared with
endotoxin free reagents and in endotoxin free 2.0 ml tubes
(Eppendort biopur safe-lock microcentrifuge tubes).

A total of 22 different adjuvant combinations with vaccine
were prepared. The first 11 groups were prepared without
MO, and the last 11 groups were prepared with MO (50% of
the total volume). For all combinations with MO, Tween®-
20 (Sigma, Cat # P1379) was added at a final concentration
o1 0.1% for emulsification. The combinations with MO were
emulsified by repeatedly withdrawing-releasing for at least
15 times using BD’s ¥2CC 14 In. 27G tuberculin syringes
(Cat #305620). Four doses were prepared for each combi-
nation.

The 22 groups of combinations of HA vaccines were as
shown 1n Table 2 below. Each group includes recombinant
HA protein.

TABLE 2

GROUP VACCINE COMPOSITION

VA

VC

VE

Cat

VA + VC

VC + VE

VC + Cat

VE + Cat

VC + VE + Cat
VA + VC + VE + Cat
PBS

VA + MO

VC + MO

VE + MO

Cat + MO

VA + VC + MO

vVC + VE + MO

VC + Cat + MO

19 VE + Cat + MO

20

00 ~1 Oy b s o o/ O ND S0 -1 Oy B ) b

VC + VE + Cat + MO
21 VA +VC + VE + Cat + MO
22 MO

Animals and Immunizations.

Si1xty-six female BALB/c mice of 6-8 weeks of age were
randomly divided 1nto 22 groups (3 mice/group). The mice
were maintained according to IACUC guidelines i the
vivarium ol Murigenics Inc. (Vallejo, Calif. 94592). The
mice were anesthetized with 1soflurane, and vaccinated by
intramuscular (IM) 1njections at both thighs using the same
tuberculin syringes used for emulsification. Fach mouse
received 100 ul of the vaccine preparations, 1.e., 50 ul at each
thigh.

Test of Cytokines 1n Sera Collected One Day after Immu-
nization.

At one day post vaccination, mice were bled retro-
orbitally and serum was prepared from individual mice. The

sera were tested for TNFa and IL-12 using ELISA Max™
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Deluxe sets from Biolegend (Cat #433606 and Cat #430906,
respectively) following the manufacturer’s instructions. To
enhance the sensitivity of the tests, an ELAST® ELISA
Amplification System by  PerkinElmer (Cat #
NJP116E001EA) was used. Brietly, after the avidin-HRP
step 1n the Biolegend kits, biotinylated tyramide (10 ul/ml 1n
tyramide diluent) was added The plates were incubated for
15 minutes at room temperature. After washing with PBS-
Tween20 (PBS-T) 5 times, streptavidin-HRP was added at 2
wl/ml 1n blocking solution (1% goat serum and 0.02%
Tween-20 in PBS). After incubation for 30 minutes at room
temperature, the plates were washed 5 times with PBS-T and
the substrate TMB (Bi1oFX Laboratories, Cat # TMBS-0100-
01) was added. The color development was watched closely
and stopped immediately with 1N H,SO, when background
color started to appear 1n blank wells. Absorbance was read
at 450 nm using a Molecular Devices UV max kinetic
microplate reader (Sunnyvale, Calif.). The concentration of
cach cytokine i each sample was determined using the
Softmax Pro software (Molecular Devices, Sunnyvale,
Calif.) and based on standards provided by the kit manu-
facturer.

Test of Serum Antibodies by ELISA.

At 3 weeks post vaccination, the mice were bled retro-
orbitally. Sera were collected for individual mouse and were
kept at —20° C. before tests. For IgG1 ELISA, nunc Max-
1sorp® 96-well microplates were coated with 100 ul of the
recombinant HA protein at the concentration of 0.66 ug/ml
in PBS at 4° C. overmight. After washing 4 times with
PBS-T, the plates were blocked with 200 ul blocking solu-
tion (1% goat serum, 0.02% Tween-20 1n PBS) for 1 hour at
room temperature. The serum samples were diluted eoo 1n
the blocking solution mnitially and 3-fold serial dilutions
were made 1n each column of 96-well microplates for each
sample. Column 1 was used as blank. A positive reference
serum and a negative reference serum were diluted 1n the
same way 1n column 2 and 3, respectively. After addition and
dilution of the serum samples, the plates were incubated for
2 hours at room temperature. The plates were then washed
5 times with PBS-T followed by addition of 100 ul goat
anti-mouse IgG1-HRP conjugate (Southern Biotech, Cat
#1070-05) diluted 4000 1n blocking solution. The plates
were incubated for 1 hour at room temperature. After
washing 5 times with PBS-T, 100 ul TMB substrate was
added for color development. The color development was
stopped at 30 minutes by addition of 100 ul of 1N sulfuric
acid. The plates were read at 450 nm using a microplate
reader (Molecular Devices, Sunnyvale, Calif.). The cutoil
value was determined as two and half times of the back-
ground value (average value of blank wells). The titer of
cach serum sample was calculated automatically using the
software based on log-logit curves. For Ig(G2a titration, all
the procedures and reagents were the same as for 1gGl
ELISA except for the secondary antibody conjugate. A goat
anti-mouse I1gG2a-HRP conjugate (Southern Biotech, Cat
#1080-035) diluted at 4000 was used. For IgA titration, the
procedures and reagents used were the same as above except
that the serum samples were diluted itially at Y20 followed
by 3-fold serial dilutions in each column and a goat anti-
mouse IgA-Biotin (Southern Biotech, Cat #0106-08) diluted
4000 was used. An additional step with avidin-HRP was also
needed.

Splenocyte Cultures and Tests of Cytokines 1n Superna-
tants by ELISA.

One week post 27 vaccination the 66 mice were sacri-
ficed, and spleens (SP) and vaginal lavages were collected.
Each individual spleen was pressed through Falcon 70 um
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nylon mesh (Cat #353910) followed by rinsing of the mesh
with about 4.5 ml complete RPMI 1640 media with 5% FBS

and antibiotics (complete RPMI). The cells were collected
into a 50 ml centrifuge tube and were transferred into a 5 ml
Nalgene tube (Cat #5000-0030). After spinning for 5 min-
utes at 4° C. at 600xg 1n a Eppendort Benchtop centrifuge
(5702R), the cells were gently resuspended 1n 4.5 ml com-
plete RPMI. The cells were centrifuged and resuspended
again. For cell counting, 20 ul cell suspensions were mixed
with 180 ul PBS to make a Y10 dilution, and 10 ul of the
diluted cell suspension was mixed with 10 ul trypan blue,
and 10 ul of the mixture was used for counting the cells with
a hemocytometer. After counting, the cell concentration 1n
cach spleen sample was diluted to a final concentration of
2x10°%ml.

For cell culture, Coming 24-well cell culture plates (Cat
#3526) were used. 0.5 ml of the cells was added to each well

(1x10° cells/ml). Two wells were used for each sample. One
well contained 0.5 ml complete RPMI 1640 and the other
well contained 0.5 ml complete RPMI 16490 with 2 pg/ml
HA protein resulting in the final concentration of 1 pug/ml.
After mncubation at 37° C. 1n a CO, 1ncubator for 24 hours,
cells and supernatants (SN) were harvested and were cen-
trifuged for 5 minutes at 600xg. The supernatants were

collected 1n 2 ml microcentrifuge tubes and stored at —20° C.
and assayed within a week.
To test cytokines in the supernatants, IFNy, I1L-35, IL-10

were tested using ELISA Max™ Deluxe sets from Bioleg-
end (Cat #430806, Cat #431206, and Cat #431406, respec-
tively) 1following the manufacturer’s instructions. To
enhance the sensitivity of the tests, the ELAST® ELISA
Amplification System by PerkinElmer was used and the
procedure was the same described above.

Test of IgG1 and IgA 1n Vaginal Lavages by ELISA.

Vaginal washes about 100 ul were collected from indi-
vidual mouse using a pipetman by aspirating about 100 ul
PBS 1nside the vaginal vault 3-7 times. The vaginal lavages
were kept on dry 1ce for later use. Spleens were removed
aseptically from individual mice following the collection of
vaginal lavages and were immediately placed into 4.5 ml
cold RPMI 1640 basic medium (UCSF Cell culture facility).
Vaginal washes collected above were thawed and vortexed
followed by centrifugation at 3000xg for 5 minutes. The 3
vaginal lavages within each group were pooled and tests
were run for individual group. The ELISA tests were per-
formed 1n a similar way to that described for serum IgG1 and
IgA above except that the mitial dilution for both IgG1 and
IgA was 14 followed by 3-fold serial dilutions. The tests also
employed the PerkinElmer ELAST® ELISA Amplification
System described above to increase sensitivity. For IgGl,
the biotinylated tyramide was added after the Goat anti
mouse IgG1-HRP step. For IgA, the biotinylated tyramide
was added after the avidin-HRP step.

Example 1

Immune-Modulation Following a Single
Intramuscular (IM) Injection

A significant enhancement of serum IgGl antibody
responses following vaccinations with HA plus selected
components was observed. While HA plus MO enhanced the
responses compared to HA alone, there was a further
enhancement with other components. In general, addition of
MO enhanced the IgG1 responses compared to single vita-
mins, cat or cat+VE (FIG. 1). The enhancement by MO

compared to vaccinations with HA in PBS alone, was the
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highest 1n the group vaccinated with HA+cat+MO, which
induced a 15 fold enhancement, followed by HA+cat+ VE+

MO and HA+VA+MO (FIG. 1). The groups of mice vacci-

nated with the other compositions listed 1n Table 1 did not
show enhanced serum IgG1 antibody responses compared to
HA 1n PBS alone. These results demonstrate that of all the
22 compositions tested, cat plus MO mixed with HA induced
the highest IgG1 responses. Interestingly, the adjuvant com-
positions with vitamin C appeared to suppress immune
response. However, 1t 1s hypothesized that the suppression of
immune response may be an artifact caused by the high dose
of vitamin C administered to the mice or the one pH unit
difference between adjuvant compositions with vitamin C
compared to those without vitamin C.

Serum anti-HA IgG2a responses were measured as a
potential surrogate for TH1 response. In contrast to the I1gG1
responses, the highest serum IgG2a responses were mea-
sured 1n the group vaccinated with VA alone (FIG. 1).

Example 2

Immune-Modulation Following Two Intramuscular
(IM) Injections

Compared to the data obtained at 3 weeks after a single
IM vaccination, at one week after the second IM vaccina-
tion, serum anti-HA IgG1 responses generally increased at
least 10 fold (FIG. 2). Similar to the results after a single IM
vaccination, anti-HA IgGl responses were higher in the
groups that were vaccinated with HA+MO, HA+MO+VA,
and HA+MO+Cat, compared to vaccinations with HA 1n
PBS alone. In addition, the group that was vaccinated with
HA+MO+VE also showed enhanced IgG1 responses com-
pared to HA in PBS alone. Addition of MO to any of the
groups enhanced the IgGl responses. None of the other
compositions listed 1n Table 1 resulted in the enhancement
of the IgG1 responses compared to HA 1n PBS alone (data
not shown). These data show that following two IM vacci-
nations, compared to vaccinations with HA in PBS alone,
serum anti-HA responses were significantly enhanced when

MO was mixed with cat, VA or VE.

After the second IM vaccination with HA+VA+MO the
IgG2a responses were enhanced compared to the IgG2a
responses measured aiter the first vaccination (FIGS. 1 and
2).

To determine whether vaccinations with the various com-
ponents resulted in heavy chain 1sotype switch to IgA, serum
anti-HA IgA responses were determined. Groups of mice
vaccinated with HA+VA+MO, HA+VC+MO, HA+Cat+
MO, and HA+VE+cat showed an enhancement of serum
IgA response compared to HA 1n PBS alone (FIG. 3).

None of other compositions listed in Table 1 resulted 1n
enhanced serum IgA responses.

These data indicate the utility of VA+MO and Cat+MO as
adjuvants that induce antigen-specific 1sotype switch to IgA
and IgQ, respectively.

Example 3

Mucosal Immune Response Following
Intramuscular (IM) Injections

Responses Measured in Vaginal Lavages.

The female genital tract 1s a major mucosal tissue and
serves as the route of transmission of many important
bacterial and viral agents. Because induction of antibody
responses 1n this tissue 1s important for protection against
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mucosally transmitted diseases, such as HIV and Chla-
mydia, anti-HA IgG1 and IgA responses 1n vaginal lavages
collected at 1 week after the second IM vaccinations were

measured. The highest vaginal anti-HA IgG1 responses was
observed 1n the mice vaccimated with HA+VA+MO,
HA+VE+MO, and HA+VE+cat+MO (FIG. 4). Moreover,
the only group that showed enhanced anti-HA IgA responses
compared to HA 1n PBS alone, was the group vaccinated
with VA+MO (FIG. 5). These data indicate that combina-
tions of the MO with VA, VE, cat result in induction of

enhanced serum IgGl, 1gG2a, as well as vaginal Ig(G1 and
IgA.

Example 4

TH1, TH2, and Treg Responses Following
Intramuscular (IM) Injections

THI1, TH2 and Treg Responses after Second IM Vacci-
nation with HA.

THI1 (IFNvy), TH2 (IL-5) and Treg (IL-10) responses 1n
splenocytes prepared at one week after the second IM
vaccination and activated ex vivo overnight with HA was
determined. Enhanced IFNy responses compared to that of
mice injected with HA 1in PBS alone were detected in the
groups of mice vaccinated with HA+MO, with further
enhancement when MO was mixed with other components
(FIG. 6). The highest amount of IFNy was detected 1n the
group vaccinated with MO+cat (FIG. 6). While the groups
vaccinated with VC+MO, MO alone, VE+cat+MO, and
VE£MO showed enhanced IFNvy responses compared to HA
alone, the responses were lower than the group vaccinated
with MO+cat (FIG. 6). These data suggest that vaccinations
with VA and cat+MO induced the highest TH1 responses. In
contrast to TH1 responses, TH2 (IL-3) responses were only
enhanced following vaccmations with VA or VE, as the IL-5
responses 1n the groups vaccinated with HA alone in PBS
were generally high. Interestingly, vaccinations with MO
plus VA, VC, VE and VE+cat reduced IL-5 responses, while
vaccinations with cat+MO induced higher IL-35 responses
than vaccinations with cat, but at comparable level as
vaccination with HA in PBS alone (FIG. 6). Importantly, the
IL-10 Treg suppressive responses mostly correlated with the
poor serum IgG, or splenic IFNy or IL-5 responses, in that
the highest IL-10 responses were measured 1n the group
vaccinated with HA in PBS alone (FIG. 6). These data
indicate that IM vaccinations with cat+MO induced the most
well balanced TH1, and TH2 with a lack of Treg responses.

Example 5

Immune-Modulation Following Intranasal (IN) and
Sublingual (SL) Vaccinations

Materials and Methods

Adjuvants and Vaccine Preparations.

The HIV-1 gpl120_ ., protein was obtained from the NIH
AIDS Research and Reference Reagents Program and was
used at the dose of 5 ug per mouse. Vitamin A (Retinoic acid,
Sigma-Aldrich; Cat # R26235) and Catechin Hydrate (Sigma-
Aldrich, C1231) were dissolved in 200 proof absolute etha-
nol (Sigma-Aldrich, Cat #459844). The stock concentration
was 3 ug/ul for Vitamin A (VA), 50 ug/ul for Catechin
Hydrate (Cat). Mustard seed o1l (IMO) was purchased from
Botanic O1l Innovations inc. (Spooner, Wis.). Allyl 1sothio-
cyanate (AIT) was purchased from Sigma Aldrich (Cat #
W203408-500G-K). The amount used for each dose of
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vaccination was 30 ug for Vitamin A, 120 ug for Cat, and 1
ul for AI'T. The total volume for each dose was 40 ul and was
adjusted with Dulbecco’s phosphate buflered saline (Cat
#21-030-CV). All components used 1n the vaccine including
vitamin A, Cat, Tween-20, MO, and PBS were tested for
endotoxin with a Genscript kit (Piscataway, N.J. 08854; Cat
# 1.00350) and the endotoxin content 1n each component was
found to be less than 0.005 EU/ml. All vaccines were
prepared in endotoxin free 2.0 ml tubes (Eppendort biopur
sate-lock microcentrifuge tubes). Tween®-20 (Sigma, Cat #
P13°79) was added to all groups at a final concentration of
0.1%. The combinations with MO were emulsified by
repeatedly withdrawing-releasing for at least 15 times using,
BD’s 12CC 12 In. 27G tuberculin syringes (Cat #305620).
The volume total dose volume per mouse for each combined
intranasal/sublingual (IN/SL) vaccination was 38.8 ul, 1.e.
19.4 ul for IN and 19.4 ul for SL routes. A group of three
female BALB/c mice were  vaccinated  with
HIVenvgpl120_ ., +MO+VA+Cat+AlIT (Group 1). Another
group ol three female BALB/c mice were vaccinated with
HIVenvgp120 .. in PBS alone. The mice in both groups
were: at 6-8 weeks of age. The two groups of mice recerved
the combined IN/SL vaccinations twice at 2 weeks intervals.
Serum and vaginal lavages were collected at 2 weeks after
the second vaccination.

The mice were maintained according to IACUC guide-
lines 1n the vivartum of Murigenics Inc. (Vallejo, Calif.
94592). Before the first vaccination, the mice were anesthe-
tized with 1soflurane, for simultaneous intra-nasal (IN) and
sublingual (SL) vaccinations, whereas for the second vac-
cination the mice were not anesthetized for IN administra-
tions.

Test of Serum Antibodies by ELISA.

The mice were bled retro-orbitally at two weeks after the
second vaccination. Sera were stored at —20° C. To measure
anti-HIV gp120 ., 1g(G1 and IgG2a titers nunc Maxisorp®

96-well microplates were coated overnight with 2 png/ml of
the HIV gp120_ .., protein in PBS (100 ul per well) at 4° C.

After washing 4 times with PBS-T (0.02% Tween-20 in
PBS), the plates were blocked with 200 ul blocking solution
(1% goat serum, 0.02% Tween-20 in PBS) for 1 hour at
room temperature. The serum samples were diluted Yoo 1n
the blocking solution initially and 3-fold serial dilutions
were made 1n each column of 96-well microplates for each
sample. Column 1 was used as blank. Negative control sera
were Irom naive mice. After addition and dilution of the
serum samples, the plates were incubated for 2 hours at
room temperature. The plates were then washed 5 times with
PBS-T followed by addition of 100 ul goat anti-mouse
IgG1-HRP conjugate (Southern Biotech, Cat #1070-05)
diluted 4000 1n blocking solution. The plates were incubated
for 1 hour at room temperature. After washing 5 times with
PBS-T, 100 ul TMB substrate was added for color devel-
opment. The color development was stopped 1 about 15-30
minutes by addition of 100 of IN sulfuric acid. The plates
were read at 450 nm using a microplate reader (Molecular
Devices). The cutofl value was determined as two and half
times of the background value (average value of blank
wells). The ftiter of each serum sample was calculated
automatically using the software based on log-logit curve.
For IgG2a titration, all the procedures and reagents were the
same as for IgG1 ELISA except for the secondary antibody
conjugate. A goat anti-mouse I1gG2a-HRP conjugate (South-
ern Biotech, Cat #1080-05) diluted 4000 was used. For IgA
titration, the procedures and reagents used were the same as
above except that the serum samples were diluted 1mnitially at
/0 followed by 3-1old serial dilutions 1n each column and a
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goat anti-mouse IgA-Biotin (Southern Biotech, Cat #0106-
08) diluted Y8000 was used. The goat anti-mouse IgA-Biotin

was detected using avidin-HRP.

Test of IgG1 and IgA 1n Vaginal Lavages by ELISA.

Vaginal lavages of about 100 ul were collected from
individual mouse using a pipetman by aspirating about 100
ul PBS inside the vagina several times. The vaginal lavages
were kept on dry i1ce for later use. Vaginal lavages were
thawed and vortexed followed by centrifugation at 3000xg
for S minutes. The vaginal lavages were tested for IgG1 and
IgA by ELISA. The ELISA tests were performed 1n a stmilar
way to that described for serum IgG1 and IgA above except
that the mitial dilution for both IgGl and IgA was U3
followed by 3-fold serial dilutions. The tests also employed
the PerkinElmer ELAST® ELISA Amplification System
described above to increase sensitivity as per manufacturer’s
protocols.

Results.

At two weeks following two combined intra-nasal and
sublingual vaccinations, serum IgGl anti-HIVgpl20
responses were enhanced an average of 198 fold 1n mice
vaccinated with HIVgpl120_ ., in MO+VA+cat+AlIT com-

pared to the mice vaccinated with HIVgpl120_ ., in PBS
alone (FIG. 7). Moreover, serum IgG2a anti-HIVgp120
responses were also enhanced (FIG. 7). There was also an
enhancement of both IgGG1 and IgA ftiters in vaginal lavages
in mice vaccinated with HIVegp120 . ., in MO+VA+cat+ AIT
compared to the mice vaccinated with HIVgp120 _ ., in PBS
alone (FIG. 8).

Example 6
Immune-Modulation by IN/SL and IM Vaccinations

Materials and Methods

Groups of 3 female BALB/c mice each at 6-8 weeks of
age were vaccinated with HIVenvgpl120cn34 only 1n PBS or
with HIVenvgp120cn54+MO+VA+Cat+AlIT two times
IN/SL route followed by two times IM.

Before the first vaccination, the mice were anesthetized
with 1soflurane, for simultaneous intra-nasal (IN) and sub-
lingual (SL) vaccinations, whereas for the second vaccina-
tion the mice were not anesthetized for IN admainistrations.
The doses of catechin and VA were as described above for
IM vaccinations with HA, 1.e., 120 ug and 30 ug, respec-
tively. The dose of HIVgpl120 was 5 ug for the IN/SL
vaccinations and the first IM vaccination and 2.5 ug for the
second (final) IM vaccination. The dose of AI'T was 1 ul. MO
was used at 50% v/v for both IN and IM vaccinations. Thus,
the following groups of mice received two combined IN/SL,

followed by two IM vaccinations at 2 weeks intervals:
Group 1: HIVenvgpl20cn54+MO+VA+Cat+All

Group 2: HIVenvgpl120cn34 only 1n PBS

Serum and vaginal lavages were collected at 1 week after
the 4th and final vaccination, and gpl20-specific IgGl,
IgG2a and IgA were measured by ELISA.

Results.

IgG1, IgG2a and IgA responses 1n serum were markedly
enhanced 1 the group of mice vaccinated with
HIVenvgp120cn34+MO+VA+Cat+AIT compared to the
group of mice vaccinated with HIVenvgpl20cn54 only 1n
PBS (FIG. 9).

IgG1 and IgA responses 1n vaginal lavages were also next
determined. IgG1 and IgA responses 1n vaginal lavages were
markedly enhanced 1n the group of mice vaccinated with
HIVenvgp120cn34+MO+VA+Cat+AlIT compared to the

group of mice vaccinated with HIVenvgpl20cn54 only 1n
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PBS (FIG. 10). These data show markedly enhanced serum

and vaginal anti-gp120 antibody responses and strongly
support the immune-enhancing capacity of MO+VA+Cat+
AIT for induction of both vaginal and systemic humoral
immunity against the HIV-1gp120 surface glycoprotein.

Example 7

Adjuvant Composition with Antigen for
Admuinistration to a Human Subject

An example of an adjuvant composition that includes a
pharmaceutically acceptable vegetable o1l carrier, AIT, a
flavonoid, and vitamins A, E and C 1s provided in Table 3
below:

TABLE 3
Component Amount
Mustard Oil 3-80% vwvol/vol
Vitamin A’ 0.1-100 mg
Vitamin E? 0.1-100 mg
Vitamin C3 0.1-2000 mg
Catechin hydrate® 0.1-2000 mg
Emulsifier’ 0.1-7% w/w
Allyl Isothiocyanate 0.001-10 mg

The above composition may include one or more of the
components shown in Table 4 below:

TABLE 4

Component Amount

Antigen® 0.01-10 mg
PBS 1-30% wvol/vol

Gelatin 1-20 mg
Antibiotics’ 0.1 pg-30 ug
Sorbitol 1-20 mg
Sucrose® 1-100 mg
Hyaluronic Acid” 1-30% w/w
Beeswax 1-50% w/w

Witamin A may be provided as carotene, beta-carotene, retinoic acid, retinyl palmitate, or
a derivate or slat thereof;
*Vitamin E may be provided as alpha-tocopherol or a derivate or slat thereof;

*Vitamin C or a derivate or slat thereof,
*Catechin hydrate or nother flavonoid,

"Emuslifier may be lecithin, sorbitans, polysorbates;
6

?neﬂm}fcin or polymyxin B,

envelope gpl20 or mfluenza hemmagglutinin proteins,

3
sucrose, lactose or another sugar,

9Hj,fa11,11‘f.:znr_|in;: acid or its denivatives (HYAFF) or polyethylene oxide homopolymers or
chitosan.

A composition that includes (50% v/v mustard o1l, 0.1%
Tween (polysorbate), 30% aqueous phase v/v), the
microparticle/micelle size 1 the emulsified composition
ranges from 0.1 um-5 um in size with the largest at around

S5 um, the smallest at around 0.1 um, and the majority
(70-80%) ranging between 0.5-1 um.

As used 1n herein vol/vol refers to the volume of a
component 1n the total volume of the adjuvant composition.
As used 1n herein w/w refers to the amount by weight of a
component in the total weight of the adjuvant composition.
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What 1s claimed 1s:

1. An adjuvant comprising;:

(a) a pharmaceutically acceptable o1l selected from the
group consisting of wintergreen oi1l, rosemary o1l, mus-
tard seed oil, allyl 1sothiocyanate, and a mixture
thereof;

(b) at least one catechin; and

(¢) at least one vitamin selected from the group consisting
of vitamin A, vitamin E and vitamin D;

wherein the adjuvant does not comprise an antigen.

2. The adjuvant of claim 1, further comprising one or
more emulsifiers.

3. The adjuvant of claim 2, wherein the one or more
emulsifiers are selected from the group consisting of a
polysorbate, phospholipids, sorbitan monolaureate, sorbitan
monopalmitate, sorbitan monostearate, sorbitan tristearate,
sorbitan monooleate, sorbitan trioleate, and a combination
thereof.

4. The adjuvant of claim 1, wherein said catechin 1s
epigallocatechin gallate (EGCG).

5. The adjuvant of claim 1, wherein said at least one
vitamin 1s vitamin E.

6. The adjuvant of claim 1, wherein said at least one
vitamin 1s vitamin A.

7. The adjuvant of claim 1, wherein said at least one
vitamin 1s vitamin D.

8. The adjuvant of claim 1, wherein the pharmaceutically
acceptable o1l 1s mustard seed o1l.

9. The adjuvant of claim 1, wherein the pharmaceutically
acceptable o1l 1s allyl 1sothiocyanate.

10. The adjuvant of claim 1, wherein the pharmaceutically
acceptable o1l 1s wintergreen oil.

11. The adjuvant of claim 1, wherein the pharmaceutically
acceptable o1l 1s rosemary oil.

12. A method of modulating an 1immune response 1n a
subject consisting of administering the adjuvant of claim 1
to said subject.

13. The method of claim 12, wherein the subject 1s a
mammal.

14. An immunogenic composition comprising an adjuvant
and an antigen, wherein the adjuvant comprises:

(a) a pharmaceutically acceptable o1l selected from the
group consisting of wintergreen oi1l, rosemary o1l, mus-
tard seed oil, allyl 1sothiocyanate, and a mixture
thereof;

(b) at least one catechin; and

(¢) at least one vitamin selected from the group consisting
of vitamin A, vitamin E and vitamin D.

15. The immunogenic composition of claim 14, wherein
the antigen 1s derived from a virus, fungi, bactertum, prion,
or cancer cell.

16. The immunogenic composition of claim 14, wherein
the pharmaceutically acceptable o1l 1s mustard seed oal.

17. The immunogenic composition of claim 14, wherein
the pharmaceutically acceptable o1l 1s allyl 1sothiocyanate.

18. The immunogenic composition of claim 14, wherein
the pharmaceutically acceptable o1l 1s wintergreen oil.

19. The immunogenic composition of claim 14, wherein
the pharmaceutically acceptable o1l 1s rosemary oil.

20. A method of modulating an 1mmune response 1n a
subject consisting of administering the immunogenic com-

position of claim 14 to said subject.
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